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Gamma-Ray Bursts

e — Interaction with Jet and CircumStellar Medium

\
\ C .
Relativistic jet .

> 99% light speed GRB afterglow
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Afterglow as "Thin Shell" Treatment

Emissivity 1s concentrated at the shock surface

Particle Acceleration
Shock front

v

R

Emission region size ~

2I= Particle distribution is steady and homogeneous

Inverse Compton scattering
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Thin shell
approximation

1D Dynamics
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Magglow
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Late phase afterglow

/

o

This Study
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1D Radiation

Shock surface only
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Shock Wave Simulation

o, A affect FS dynamics
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Dynamical Effects

Rarefaction waves regulate the overall dynamics
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Semi-Analytic Model of Magnetic Bullet Afterglow

/ Magnetic Bullet

<

Irs Acceleration

Coasting

/

t1/3

Transition

Deceleration

Well consistent with simulation results

E, = 1050, [,=10,0,=10, A, = Rdec/rg~3

10’
[ — MHD Simulation
—— Magnetic Bullet
100 1 L1l 1 v vl 1 llllll‘
104 10° 10° 107
tsim [S]




Multi-messenger annual conference @Naruko 2025/11/19

Magglow - Multi-Messenger Moderator

Kusafuka et al. (2025) BOAT GRB 221009A

Kusafuka & Asano (2025b)

Magglow treat 1D dynamics, but thin-shell radiation| —
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Thin shell
approximation

1D Dynamics

Early phase

All phase
I
Late phase afterglow

1D Radiation

Shock surface only
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1D SRMHD Simulation

T —

6 SRMHD code (Kusafuka & Asano ZOZN

» 7th order MP7 (Suresh & Huynh 1997)

* 3rd order SSPRK(3,3) (Gottlieb & Shu 1999)

- minmod flux limiter (Roe 1986)

- CENTRAL Riemann solver (Rusanov 1962)

* MPI parallel computation (with load balance)

- AMR (Berger & Oliger 1984)

KMovmg Window (Mimica et al. 2004) /
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ID Lagrange PartiCIG Simulati()n |Characteristic curve (Vaidya et al. 2018) |

dy . : : : :
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1D Radiative Transfer Simulation

A) RT code (Kusafuka & Asano (in pre \

» 7th order MP7 (Suresh & Huynh 1997)

* 3rd order SSPRK(3,3) (Gottlieb & Shu 1999)

* minmod flux limiter (Roe 1986)

- HLL Riemann solver (Harten et al 1983)

* MPI parallel computation (with load balance)

* Impact parameter (Hummer & Rybicki 1971)
* Moving Window (Mimica et al. 2004)

KMovmg Mesh Refinement (along a ray) /
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Spectral Evolution

T — T

FORWARD SHOCK

Observed Time = 1.000000e+03 s

s é oy )
10 Spectral sudden shift
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What causes spectral shift? ‘Decrease Doppler factor in the rarefaction region‘
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Rarefactlon waves might regulate steep & shallow decay 14
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What causes bright X-ray?

—

‘Weak coolling‘

time = 02500000 s
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Observational evidences?

Late flattening (Jonker et al. 2025)

X-ray steep & shallow decay (Dass’Osso et al. 2011)

= SN 1998bw  ==== EP 240315a ¢= EP241021a
= SN 2006aj == EP 240801a === EP 240414a
—— long GRBs === EP250108a  =fl= EP 250207b
——— short GRBs
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Summary & Expectation gRB Pmm}; Expected X/y/v light curve
. 20 . Thin-shell prediction
v N o N\

1D Rad expectation

Att ~ ty,. (~ 10% s) : steep decay ’ /

Att =1, (~ 10° s?): shallow decay Granot et al. (1999)

At < fyg (~ a few day) : normal decay

v

At t = tyy : flattening (also radio/optical) fec by INR

I hope that simultaneous detection of GeV/TeV y steep & shallow decay by CTAO!!! 17




